I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Tumoral calcinosis is a rare genetic disorder of phosphate homeostasis characterized by metastatic calcification in the subcutaneous tissue. The common sites include elbow, shoulder, hip and ankles. Pain is unusual, but large masses can lead to restriction of range of motion of the concerned joint. The primary driving force for calcification is hyperphosphatemia, which, in the setting of normal calcium levels, leads to deposition of amorphous hydroxyapatite. The hyperphosphatemia is attributed to reduced bioactive fibroblast growth factor23 (FGF23) causing increased phosphate reabsorption. Standard management includes dietary restriction of phosphate and surgical resection of the calcified mass. However, recurrence of the tumor is the rule rather than exception.

Medical therapy of tumoral calcinosis has largely focused on control of hyperphosphatemia. Several agents like phosphate binders, acetazolamide, and calcitonin have been tried with varied results. Bisphosphonates show promise as a therapeutic modality in the management of this rare disorder as it has been shown to induce remission even in normophosphatemic variants. We wondered if medical management of the recurrent lesions with bisphosphonates would lead to resolution of the lesion. Our current lacuna in understanding the pathogenesis of tumoral calcinosis limits designing of an effective therapeutic regimen.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Two cases of sporadic tumoral calcinosis which recurred after surgical therapy were tried on medical treatment with bisphosphonates in the absence of better alternative and for logistic reasons.

Case 1 {#sec2-1}
------

A 19-year-old male presented with swelling in the left thigh for 3 months. The swelling was large and had shown relatively rapid growth. It had variegated consistency and the skin over the swelling was stretched. On evaluation, he had shown hyperphosphatemia as the sole metabolic abnormality which was missed by the treating surgeon. The swelling was subsequently excised and its biopsy showed tumoral calcinosis. The patient was lost to follow-up. One year later, the patient presented to our department with swelling involving bilateral shoulders with decreased range of motion and discomfort. On examination, he had globular swellings involving bilateral shoulders with winging of right scapula and drooping of the corresponding shoulder. Fluffy calcification in bilateral shoulder joints was seen in X ray examination. Computed tomography (CT) brain revealed calcified lesion of right temporal lobe. CT shoulder was done for further delineation of the lesion which showed infiltration into the joint space. Biochemical evaluation showed a normal calcium level, increased serum phosphate, and normal alkaline phosphatase. Parathormone was suppressed and calcitriol was inappropriately normal. C-terminal FGF23 level was grossly elevated \[[Table 1](#T1){ref-type="table"}\]. Bone scan done showed increased tracer activity associated with areas of bilateral shoulder lesions \[Figure [1a](#F1){ref-type="fig"} and [c](#F1){ref-type="fig"}\]. In view of the above features, a diagnosis of tumoral calcinosis was made.

###### 

Laboratory and clinical values of patients at the time of presentation and after 1 year of bisphosphonate therapy

![](IJEM-18-521-g001)

![99mTc-methylene diphosphonate whole body bone scan (a and b with anterior and posterior views) and their respective single-photon emission computed tomography (SPECT). Computed tomography (CT) fused (c and d) images before and after treatment. a and c are pre treatment images shows intense uptake in bilateral shoulder joints with evidence of shoulder joints infiltration on SPECT. CT fused images. b and d are posttreatment images showing significant reduction of activity from both shoulder joints](IJEM-18-521-g002){#F1}

Since the patient had presented with recurrence and the calcified mass had breached joint capsule, the risk of poor surgical outcome was deemed high. Hence, medical management was considered. He was initially prescribed low phosphate diet with phosphate binder, lanthanum carbonate 250 mg thrice daily for 6 months. Unfortunately, he had poor response to the above regimen. Hence, it was decided to try bisphosphonate therapy in this patient. He was started on alendronate 70 mg weekly.

Case 2 {#sec2-2}
------

A 5-year-old female child presented to us with recurrent swelling in the right gluteal region after surgery for a similar swelling in the same site 1 year back. The swelling had increased in size over the past few months \[Figure [2a](#F2){ref-type="fig"} and [c](#F2){ref-type="fig"}\] and now was causing severe pain and restriction of movement of the hip joint. She also had loss of appetite and loss of weight. She had been found to have hyperphosphatemia during evaluation of previous swelling prior to surgery.

![99mTc- methylene diphosphonate whole body bone scan (a and b with anterior and posterior views) and their respective single-photon emission computed tomography (SPECT). Computed tomography (CT) fused (c and d) images before and after treatment. a and c are pretreatment images shows intense uptake in right gluteal with large calcified soft tissue mass on SPECT. CT. b and d are posttreatment images showing significant increase in size of calcified soft tissue mass with increased tracer uptake in right gluteal region](IJEM-18-521-g003){#F2}

The biopsy was reported as tumoral calcinosis and the patient was lost to follow-up. During the current admission, the patient was noted to have hyperphosphatemia and normal calcium levels with suppressed parathyroid hormone (PTH) \[[Table 1](#T1){ref-type="table"}\]. Calcitriol levels were inappropriately normal. Considering the age and size of the lesion, she was initiated on intravenous pamidronate therapy. Like the previous patient, she was also on regular medication with lanthanum carbonate 250 mg thrice daily and low phosphate diet. After a transient initial improvement, the lesion increased in size. Acetazolamide was added to her regimen, but it had no benefit.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Case 1 {#sec2-3}
------

On follow-up after 1 year, the patient had shown marked improvement with reduction in size of the lesion by 95% on the right side and 90% on the left side \[Figure [1b](#F1){ref-type="fig"} and [d](#F1){ref-type="fig"}\]. The range of movements in shoulder joint was normal. The patient continues to improve on this regimen and is currently continuing bisphosphonates with low phosphate diet.

Case 2 {#sec2-4}
------

During follow-up, her lesion had increased in size \[Figure [2b](#F2){ref-type="fig"} and [d](#F2){ref-type="fig"}\], resulting in pain and severe restriction of movement in the hip joint. Surgical option was ruled out as the removal of the entire lesion would compromise muscle mass so much that the patient would not be able to walk postoperatively. Following failure of intravenous pamidronate, she was considered for more potent intravenous bisphosphonate, zoledronic acid. After informed consent, she was given injection zoledronic acid 1 mg intravenous. Similar to the first attempt, she had a mild initial regression in size after which there is no change in size of swelling. The patient is on regular follow-up and she is on therapy with low phosphate diet, lanthanum, and acetazolamide.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Idiopathic tumoral calcinosis is a rare genetically heterogeneous disorder of phosphate metabolism, resulting in ectopic calcification around the joints or in blood vessels. It is diagnosed after ruling out family history of tumoral calcinosis and secondary causes for the same like chronic kidney disease, hyperparathyroidism, and hypervitaminosis D as was done in our cases. The disorder can be hyperphosphatemic or normophosphatemic. The deranged phosphate metabolism is due reduced FGF23 bioactivity, leading to increased renal resorption of phosphate. This can occur due to mutation of FGF23 itself, GALNT3 (an enzyme involved in O-glycosylation and stabilization of wild type FGF23), or α klotho (the cofactor for FGF23 action).\[[@ref1]\]

Slavin *et al*., proposed the following theory for the pathogenesis of this disorder. Tumoral calcinosis is initiated by periarticular microtrauma in the setting of hyperphosphatemia. The first line of defence involves infiltration by histiocytes, attempting an adventitious bursa formation. The purpose is to shield the joint from further trauma. However, the continuing hyperphosphatemia leads to apoptosis of the histiocytes, causing release of hydroxyapatite. Thus, the reparative response is ineffective, as the compartments are obliterated by continued deposition of hydroxyapatite. The next line of defense involves multinucleate giant cells which try to resorb the calcified lesion. As the lesion lacks the normal bony scaffolding necessary for the action of these "osteoclast- like" giant cells, resorption of calcification fails. Furthermore, the calcific crystals are coated with chymotrypsin and the extrusion of bicarbonate by the giant cells creates an alkaline milieu, inhibiting resolution of lesion. This leads to continued growth of the lesion.\[[@ref2]\] Therefore, tumoral calcinosis does not follow the regular schema of metastatic or dystrophic calcification.

The treatment of tumoral calcinosis has traditionally been complete surgical excision. However, recurrence is the rule rather than exception.\[[@ref3]\] The option for medical treatment of this disorder has never been formally evaluated in any clinical trial due to the rarity and heterogeneity of this disorder. Indeed, the definition of successful therapeutic outcome itself is not clear.

Currently, used medical therapy focuses on the reduction in phosphate levels with the hope that resolution of hyperphosphatemia will lead to reduction in size of the lesion or at least eliminate the cardiovascular risk associated with hyperphosphatemia, as it can lead to vascular calcification. However, the response is variable and this approach does not address the normophosphatemic variant of tumoral calcinosis. The approach to medical management of hyperphosphatemia is twofold-limiting absorption (phosphate-restricted diet,\[[@ref4]\] phosphate binders-lanthanum, sevelamer\[[@ref5]\]) and increasing renal clearance (acetazolamide,\[[@ref6]\] calcitonin\[[@ref7]\]). Dialysis with low phosphate containing dialysate and parathyroidectomy for severe secondary hyperparathyroidism has also been tried.\[[@ref8]\] Bisphosphonates have recently been reported to be helpful in management. Sodium thiosulphate is another topical option.\[[@ref9]\]

For any drug to be useful in tumoral calcinosis, it must not only inhibit formation of new hydroxyapatite crystals, but also dissolve the existing ones. Bisphosphonates act on the osteoclasts and osteoclast-like cells, which are implicated in the pathogenesis of tumoral calcinosis. This results in the alteration of biochemical and cellular milieu leading to reduced crystal formation and aggregation.\[[@ref10]\] The ability of bisphosphonates to promote dissolution of existing crystals\[[@ref11]\] makes them an attractive option in management of tumoral calcinosis.

Initial use of bisphosphonates (as long as 3 decades back) was met with failure in cases of familial or idiopathic tumoral calcinosis.\[[@ref12][@ref13]\] The first successful use of bisphosphonates in idiopathic tumoral calcinosis was shown by Jubbin *et al*.,\[[@ref10]\] who reported complete resolution of the lesion in a patient treated with oral alendronate for 18 months. However, the patient did not have hyperphosphatemia and the size of the lesion was small, unlike our cases where the lesion was very large. Both of our patients had recurrent tumoral calcinosis with poor response to conventional therapy. The two cases differ only in age, gender, and size of the recurrent lesion. Their biochemical profiles were identical except for the degree of serum C-terminal FGF23 level elevation. Both of our cases have decreased serum PTH levels and inappropriately normal calcitriol levels. Albeit atypical, this has been reported in literature before.\[[@ref14]\]

C-terminal FGF23 levels can be elevated in tumoral calcinosis due to mutations in FGF23, GALNT3, or α klotho. The elevation of C terminal FGF23 is the common denominator of all three mutations. Elevated C-terminal fragments with low intact FGF23 is seen in FGF23 and GALNT3 mutation, while both intact FGF23 and C-terminal fragments are increased in α klotho mutation, which leads to FGF23 resistance.\[[@ref15]\] As we could not estimate intact FGF23 level, it was not possible to hypothesize the causative mutation behind our cases.

Both had raised C-terminal FGF23 levels demonstrating the presence in circulation of inactive fragments. This possibly reflects a compensatory attempt at increasing production of FGF23 as a response to raised phosphate levels.\[[@ref3]\] The fact that control of hyperphosphatemia was achieved in both cases indicates that phosphate (and hence calcium phosphate product) is not the only driver of ectopic calcification and that additional mechanisms probably exist. The difference in size is unlikely to be an explanation for the lack of response as very large lesions have been noted to undergo remission with oral therapy and reduction in phosphate levels.\[[@ref5]\]

The reasons for lack of response could be the short duration of therapy, the possibility of some patients being "slow responders." Since we could not do genetic analysis of these patients, the possibility of a mutation resulting in a more severe phenotype cannot be excluded. This is more likely due to the fact that the patient who did not respond presented at a much younger age than what is typical for tumoral calcinosis. However, this does not explain the apparent "uncoupling" of phosphate metabolism and therapeutic response. This also questions the assumption that calcium phosphate product is the principal determinant in cases of ectopic calcification.

The singular advantage of bisphosphonate therapy over the other methods is its possible use in normophosphatemic variant of tumoral calcinosis.\[[@ref10]\] The use of parenteral bisphosphonates would lead to better compliance and obviate the need for daily treatment. Unfortunately, the biochemical heterogeneity and rarity of the disorder precludes the possibility of well-designed clinical trials which can throw light on this question. The wider availability and utilization of molecular techniques would likely result in better design of treatment regimens in future. Until recombinant FGF23 or its agonist is available, a prudent therapeutic regimen would include a multipronged approach for correction of hyperphosphatemia and concomitant use of bisphosphonates. This is especially important in patients with recurrence, to whom, it will provide a much needed alternative to surgery.
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